The production of pseudo scalar, η, η ′ , and vector, ω, ρ, φ, mesons in NN collisions at thresholdnear energies is analyzed within a covariant effective meson-nucleon theory. It is shown that a good description of cross sections and angular distributions, for vector meson production, can be accomplished by considering meson and nucleon currents only, while for pseudo scalar production an inclusion of nucleon resonances is needed. The di-electron production from subsequent Dalitz decay of the produced mesons, η ′ → γγ * → γe + e − and ω → πγ * → πe + e − is also considered and numerical results are presented for intermediate energies and kinematics of possible experiments with HADES, CLAS and KEK-PS. We argue that the transition form factor ω → γ * π as well as η ′ → γ * γ can be defined in a fairly model independent way and the feasibility of an experimental access to transition form factors is discussed. * through the program Rientro dei Cervelli of the Italian Ministry of University and Research 1
I. Introduction
A theoretical analysis of light pseudoscalar and vector meson production in pp → ppM, pn → pnM, pn → dM and dp → p sp np e + e − processes (here M denotes a meson, pseudoscalar η and η ′ , or vector, ω or φ; p (n) denotes the proton (neutron), p sp is the spectator proton, d stands for the deuteron, and e + e − for a di-electron pair) at threshold-near energies is interesting for different aspects of contemporary particle and nuclear physics. It is known that the effective NN forces at short distances are governed by exchanges of ρ and ω so that a study of their contribution to the NN elastic amplitude and to the Meson Exchange Currents in elastic scattering from light nuclei (e.g., the deuteron) can substantially augment the knowledge of the short-range part of the potential. Another important issue is the di-electron emission in NN collisions which supplies additional information on production of vector mesons with similar quantum numbers but rather different quark contents, in particular ω and φ mesons, which is interesting in respect to the Okubo-Zweig-Iizuka (OZI)
rule and study of hidden strangeness in the nucleon. According to the OZI rule the production of φ mesons in nucleon-nucleon collisions should be strongly suppressed relative to ω
production. An enhanced φ production would imply some exotic (e.g., hidden strangeness) components in the nucleon wave function.
The pseudo-scalar mesons η and η ′ represent a subject of considerable interest since some time (cf. resonances with isospin 1/2, including the so-called "missing resonances", can be investigated via these processes. Another aspect of η and η ′ production is that they constitute important sources of di-electrons in NN reactions. It is, in particular, the η which is significant source of e + e − pairs, competing at invariant masses of 150 -400 MeV with ∆ Dalitz decays and bremsstrahlung [2] , as the analysis [3] of HADES data [4] shows. One of the primary aims of the HADES experiments [4] is to seek for signal of chiral symmetry restoration in compressed nuclear matter. For such an endeavor one needs a good control of the background processes, including the Dalitz decay, in particular at higher beam energies, as becoming accessible at SIS100 within the FAIR project [5] . The Dalitz decays of mesons depend on the transition, "vector-to-pseudoscalar" or "pseudoscalar-to-vector", form factors (FF) which encode hadronic information accessible in first-principle QCD calculations or QCD sum rules. The Dalitz decay process of a meson (pseudo scalar "ps" or vector "V ") can be presented as ps(V ) → γ(ps) + γ * → γ(ps) + e − + e + . Obviously, the probability of emitting a virtual photon is governed by the dynamical electromagnetic structure of the "dressed" transition vertex ps → γγ * (V → ps γ * ) which is encoded in the transition form factors. If the decaying particle were point like, then calculations of mass distributions and decay widths would be straightforwardly given by QED. Deviations of the measured quantities from the QED predictions directly reflect the effects of the form factors and thus the internal hadron structure.
For a reliable study of these effects one needs more experimental data and more types of processes. In particular, for further checks of the reaction mechanism it is necessary to study meson production also at neutron targets which can be be extracted, with some efforts and even mostly with some model dependent assumptions, from reactions on nuclei, mainly on the deuteron. The spectator technique represents one example how one can use a deuteron target to isolate reactions on the neutron. It is based on the idea to measure the spectator proton, p sp , at fixed beam energy in the meson production reactions d p → p sp npM, thus exploiting the internal momentum spread of the neutron inside the deuteron. In such a way one gets access to quasi-free reactions pn.
In the present paper we present a theoretical approach within that an analysis of mentioned processes can be achieved on a common ground and the differential and total cross sections, as functions of the relevant kinematical variables and initial energy, can be parametrized with the same set of effective parameters.
II. The model
The nucleons and mesons, involved in the process are treated within a meson-nucleon theory based on effective interaction Lagrangians with scalar, pseudoscalar, and neutral (ω, φ) and charged vector (ρ) mesons (see e.g. [2, 6, 7] ). The electromagnetic interaction
Lagrangians are included into the model as well. The invariant cross section for the meson production in NN collisions of the type Fig. 1b) . In our calculations we use the following Lagrangians: (i) Nucleon currents:
(ii) Spin 1 2 resonances (S 11 and P 11 ):
with the abbreviations ps ≡ π or η or η',
and resonances (D 13 and P 13 ) which contribute mainly to the η ′ meson production. Furthermore needed for internal conversion interactions, such as L ρπ V L psV V , L γll , and L psγγ are listed in [8] . All the the nucleon -nucleon (resonance) -meson vertices are dressed with cut-off form factors of the form reported in [8, 9] .
III. Results
These seemingly many ingredients (coupling strengths, form factors and their cut-offs, see [8, 9] ) may cause the impression that the one-boson exchange approach to hadronic observables contains too many free parameters and does not have too much predictive power.
However, a bulk of these apparently free parameters are constrained by independent experiments and can be fixed from independent data, e.g. from fitting the elastic NN phase shifts Further applications of the present approach to ω and φ production involving a final deuteron, including polarization observables, have been presented in [11] , while [2] extends the formalism to virtual bremsstrahlung in NN → NNγ * → NNe + e − reactions. Cross sections for ω (left) and φ (right) production from [6, 10] . Experimental data for ω are from [12, 13] (open circles), [14] (triangles) and [15] (squares), while for φ from [15, 16, 17] .
IV. Dalitz decay and transition form factors
The subsequent Dalitz decay of the produced (virtual) meson into a di-electron pair and another particle can be also described within the presented approach. In the treelevel approximation the process
+ is described by the same set of Feynman diagrams as in Fig. 1, except that now the produced meson (waved lines) is virtual and decays into the considered channel. The corresponding cross section then reads as
where s M is the square of the invariant mass of the produced off-mass shell meson with in (9), basically accessible within QCD. Here, however, we contrast a few parameterizations:
(i) so-called QED form factor meaning a structure-less particle with |F η ′ γγ * (s γ * )| 2 = 1, (ii) a parametrization suggested by the vector meson dominance (VDM) model
The values of C V are quoted in [8] . For the case of light mesons (η and ω), the kinematically accessible region is below the vector mesons pole masses and, as a consequence, the ρ contribution is sufficient. (iii)
For η', a monopole fit [8] may be used, which does not differ too much from the VDM parametrization which, in this case, includes ω, ρ and φ mesons. 
VI. Reactions with the deuteron
Eventually, herebelow we present the cross section of di-electron production in d + p → p sp + n + p + e + e − reactions within the spectator mechanism, i.e. when the fast proton is detected in forward direction with the velocity not too different from the one of the incoming deuteron. The cross section is evaluated within the same effective meson nucleon theory, the deuteron now being treated within the Bethe-Salpeter formalism with the same effective parameters as in reactions with nucleons (details can be found in [2]).
where n D (|p sp |) | is the deuteron momentum distribution in the deuteron center of mass system, s 0 is the initial invariant energy of the colliding particles, s N N is the effective invariant energy of the target proton and the neutron within the deuteron. It is seen that the desired cross section 
VII. Summary
In summary we report on calculations of the reaction NN → NN M with M as a pseudoscalar η, η ′ or vector ω, ρ, φ meson and subsequent Dalitz decay of the produced meson within a one-boson exchange model. We point out that isolating ω, η and η' contributions, e.g., in p + p collisions, allows for an experimental determination of the corresponding transition form factors. In particular, for η' the vector meson dominance hypothesis would be testable. On the other hand, the ω and η Dalitz decay channel are strong sources of e + e− pairs in medium-energy heavy-ion collisions which need to be understood before firm conclusions on possible in-medium modifications of hadrons can be made. We emphasize that, once the model parameters are adjusted in the p + p channel, the n + p channel is accessible without further parameters. The spectator technique with deuterons can allow for an experimental tagging of reactions at the neutron target, provided the spectator proton is detected in the forward direction with the same velocity as the incoming deuteron.
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